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PANELS

Strength tests mid strain measurements were made of
19 long shesr ~mels wfth rect engular Inspection cut-outs;
that is, cut-outs obtained t-yrer.ovir.g the ~heet bstween
two adjscent stringers witk.outcuttin~ ~il~stririger. The
test results indic~tec t?wt the st2e2s c~~Jc8rltra~~on
existing at low stresses tends to disappecr St very high
stresses cmd thct the ~ss~~ti~~ of unif’cnwnstress distri-
bution le~ds to a sstisfnctcry ccrr~l~ticn of the test
results. Stfffeninz cf t;:es?wet bay conteinln~ the cut-
out was round to ha-:enr~ctic~ily ~o effect O:i the nanel
strer.~th. Heinfcrcing the b~y cor.tainlnq the cut-out by
me%ns of doubler slates rsisgd the stren:th of tkiepanel,
but the efficiency o.0 the acli~lerplates vmied widely
end wcs low in el.1cases.

INTRODUCTIOIJ

The simnlest type of cut-out in a stiffened shell is
the type in which the skin between two adjsce.atstringers
is removed for some distance along the stringers to form
a rectangular opening. The only typa of lo.=dingof
importance for such cut-outs is that producing sheer,
because normal stresses in the plana of the panel are
absorbed mainly by ths stringer-rib eystsm. The shem
stress carried by the cr:ticel sheet bq (the bsy containing
the cut-out) theoretically reaches its maximum at the end
of the cut-out and docreasas rapidly with Ir,crsasing distance
from the cut-out. If suitable simplifying assumptions are
r.ada, tha strgss concentration ceusgd by the cut-out mey
be calculated by a s’tmpleformula derived from the shecm-
lag.theory (referencti 1), which has been verified
experimentally (ref3rcnca 2) in the elestic rsn~:efor
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sheet not subjected to shear buckling. At the high
stresses encountered just before the ultimate load is
reached, buckling as wall as yielding usually occurs In
the skeet. Uhder tkle~e conditions, the forrzula requires
modlflca~icn thet must be based on additional sim.pllfying
a~~~.:Jt~on~ if the~olysls is to remain sd.n:ala.For
thsse sna other reasons (see reference 1), tke accuracy
of the modified theory as eapliecito the calc~lstion of
the ultimate lo~d is doubtful, end th6 ex~iorntory tests
of referer:ce 1 were too limdtad in sco:jeto allow def’inite
concll~sions to be wade.

‘Ikepresent investl:~tion wes underta”~en in order
to obtain additional. Inforr.etiollcn the prcblem of how
to calculate the ultimat3 stran~th er,d,incidentally,
to obtain some ?relininary CCU1C2USIOHS cn the effectiveness
of vp~ious types of re!nfcmceri3i,ts.

Cut-out aenels.- Tests w~i’emad~ ~n the Len?ley
Strucvur3s ?=sarch Labcr9tcry 0? 19 Sk%-stiffeher
ncnels with cut-outs. Two ‘b~sictypes of test PW.31
wers used. (Sse f~:. 1.) Sf’ch ~snel ccmsisted of a long
narrow shast of 2)4S-T pluminum alloy with a rsctorlrular
cut-o-utin tke cents:’. The cut-out “.v&s~o:mded by
lor.gitudinal stringers O: e:tksr’ st~el cr .2&5-T &l’umlnurrl
alloy. (See table 1.) Trs~.sv3r3e ribs eiso were yrovldad
tc furnish the trtir.svsrssreactions necess:ny co permit
the developfi:cnb01’disgonei tension. Pmels of type 1
ware slightiy lonFer tixn these of t“y..s2 and had stringers
as well as trsnsvers? ribs on both sidss oi’the sheet;
peneis c.fty~a 2 ha% stringers on one side and ribs on
the otl-wrside. Detgilsci dlmensior.s 01’tke Individual
nsmels are givsn in teble 1. Th3 n3t cross-sectional
area listed in this te-olsis th product of sheet
t.nickness .sndlon::,thof r?’:tsection, which ‘J{esta~cn as
panel length minus cut-out I:ngth Tflinuatho sum of tha
diameters of the rivet kmles ~loni;the stril;~~r.
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bay either by small Individual doubler plates (f’lg.2(d))
“or”bya-large. doubler..p,lates~r,oundlng the cut-out
(fig. 2(e)).

......
It should be noted that th6”-st_fil%n6r””@late

indicated in figure 2(b)) did not extend beneath the
stringers, whereas the doubler plate Indicated in
figure 2(d) did.

The stringers were attached with #-Inch rivets

pitched
$

inch. On the panels with short cut-outs or

without cut-out (panels 7, 8, md 9), doubler plates
were used over the edge sheet bays to ensure that failure
would take place al’mg the stringer rnther than along
the edge of the panel. The panels were riveted with

-%
-Ir;chrivets pitched

2
inch along one long edge to a

1
fixture atte.chodto a rl~id abutment. The other long
ed~e was riveted to a heavy lofidingbar. A longitudinal
load apslied to the loadin~ bar ~roduced essentially
pure shear in tke test panel. The loed wes aa:>liedby
means of e k,ydr~,ullcjack accu:-e.teto better thm 1 percent.
Thickness measul)ements on the sheet were accurate to
about 0.0C02 inch.

Electric strain gages (Baldv/in-Southwerk S??-4)were
applied to s~sclmans 5 to 11 and to specimen 16 in orcier
to obtain som3 information ebout tho uniformity of the
langthwlse str~in distribution. ThQ ~~ges w~re ap:>lled
In psirs on o~posits sides of the sheet. The ~~eS Of
the gages were at ~~~” to the axes of the specimens and
were approximately aarellel to the diaganal-tension f’olds.
No attempt was mcde to measure shear stresses by means
rafrosettes bacause tests have da.monstrated that it is
Impossible at present to evaluate with safflcient accuracy
strain readings takm.across severe buckles such as
diagonal-tension folds.

Counon tests.- The ultimate tensile stren@hs of
the sheebs were obt~ined by tests on standard tensile
coupons cut parallel to the grain. In addition, specfal
tensile tests were made th~t @e bslioved to offer more
promise thm the standard tests for correlating coupon
tests with tests on a complete structure. (See reference 3.)
These special tasts were made cm strips having parallel
sides,with the width arbitrarily chosen squal to the rivet
pitch of the test panels, and having a hole in the center
of the same size as the rivet holes along the stringers
of the test panels. On one set of s?ecimns the holes

,
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were open; on a dupl.lcate set th9 holes were filled with
rivets. The special specim9ns were cut at 45° to the
grain, because the sheet in the test panels is in a
condition e~pro~c-dng pure disponai tensicn when failure
is jmminent. The avera~~eultirr.atetensile stren@.s
of’the coupons, based on the net areas, were m! follows:

Stendard spec~mens
0.020-ll~Ch skset, l{~i ● . . . . . . . . . . 71..1
O.0~.O-~nch shest, ksi . . . . . . . . . . 71.6

Perforated s~cclmens, hales o:?~n
0.@.20-inch ckteeh,ksl . . . . . . . . . . . 63.6
O.O!+O-inch sbegt, ksi 99099. . . L5~.o

perf’orfl~e~~Jeclm~n:, ~zO~egf’:~l~~=
. 0.02Q-ir,ch sheet, ksl . . . . . . . . . . . 64.2

fi.040-inch s~:eet,k3i . . . . , . . . . . . 6~.o

Gmerel remarks.- Tke results of ck.estren~th tests
are gfie711i7%~e7, and the resdJts of tl.sstrain
me~surements are ,@vea lr flglme 3. Tho ultiwte shear
stress Tult giv:)rI h b~bld 2 i3 ?h Ultit?i2t~ load PUlt

divided hy the n3ti cross-secticnal Prea. This stress is
only nominally a shezr stress, b3cause tke sheet ia
actually in a highly da-relo~ed state or dia~anal tension
when failure tskas place.
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teAw%%’- An attempt was made to correlate the
... ..... , as c panels (no stiffening or reinforcement)

by rnearis””d’”the”““formula-and -method-.given In reference 1..
The curve of effective shear modulus against stress given
in reference 1 was assumed to be valid, and trial-end-error
calculations were made with assumed ultimate shear stresses.
The correlation was poor, which was not surprising in view
of the numerous uncertainties ettending these calculations.

The calculations indicated stress-concentration
factors ranging from l.j to l.~. Inspection of the strain.
gage data (fig, 3) indlc~ted that stress-concentration

‘ineexperimentalfactors as high as I.a did not exist. ,.
curves Sbo-wnin figure 3 in a nu.ubcr oi’cases f~li to
agree even qu~litatlvely with the theoretical curves.
Jnstead of shcwinq maximum stressas at tP.3cut-out, thase
curves skew rrieximmistrcssas located s~~l~ d:stance away
frcm the c-.lt-out~n som(jpanels and essenti912y uniform
distribution in other amela. T!lutwo halves of the panel
in so.m cese~ shoj~edmsrked diffsrcncas in the strain
distribution.

Bscrus3 of tkm wide divargence~ in the shapes of the
CUrV~S (rig. 5), It spptim-ad juatijlablo to roplsca the
thocry of’reference 1 by the cimpl?.1’yln~rsslmption that
tho shear stress is di~tributcd uniformly ov~r thtientire
len@h of the penel wk~n failuzw :-shminant. lt may be
exgsctad t~.aca mii’crm ciist~i.bution will.be approached
mom a?d mors C.1OS2ZT as the atrah$ incr=:sb; cnd in
panel o, which hail the Mgh.sst st~flins1~.cesurtid,the diatri-
buticn Is indaed remer!~ably unifor.n. Thic uniformity is
also evident visually from the unii’ormdepth of the buckles
along the en~ire langtlnof tha pmsls after fsilure (fig. 4).

If the assumption of uniform distribution of the
shear stresses is v~lid, the lzltimate shtisrstresses given
in t~blo 2 should compmw directly with the allowable
shear stress. For a sheut with a well-developed

1 1—--11- -- 1 ,, ---- ,.
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diagcnal-tension field, the allowable shem stress js a
little over one-half of the allowable tensile stres~
(reference 3). If the coupon tests of the perforated
terlsilespecimens with holes fillsd are used as a basis,
and kilesetasts seem the rest rationel choice, one-helf
of the allowable tensile stress is 52.1 ksi (average of
both t.sicknesses). The avera~e si~ebrstlwss developed
by test pi?nels 1 to 9 end 11 is 32.7 ks: wfiich is about
5 percent higher th&n the allcw&ble value. Only one
test penel (p~riel7) de’~eloo~d &l u~timate silefirstress
Sligb.tly lo”Ner th=! the ellox~t,leVCIUQ. It r.ey be
concluded, thorefo.>e, that tha IengtklwIse distribution
of tha ultimate sham stress kas ec~enti~lly uniform
in all test PPn-sls regerdl.e9s of lm~tti of cut-out, size
of stringer, or th~c’kness of’sheet.

Penols with r~inforccments in critical bnys.- The
test pcrtelshaving reini’orced sheut be~s were ffr’st
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analyzed on the assumption that the stress was uniforr,ly
distri.butsd over the entire net ties (including that of.. ...
tfi6“r6in-ftirde”m6hts”’);””--”Theultimate-stresses calculated Gn
this assumption were found to be appreciably lower than
those found far tkle basic specimens. If the ultimate
stress develcped in a reinforced panel Is assumed equ&l
to th~t developed in a panel without ~’einforcement,
efficiency f’actorsmay be calculated fcr tliedoabler
ple.teso These efficiencies 6re given in table 2 and are
notad to v~ry wfldely. The number of tests was tco small,
however, to establish the reasons for the variations.

I

The results of the tests ao~em to justify the
assumption that the shcm stress In a sheet bay with
cut-out is unifornly distributed ever e cnns!idsrable
lenqth of tk.estructu~e, nrovidad tho proportions o.f
actual structure do not deviat~ too much from tho

a

the

proportions of the tast pm:~iS. The lm.gth OVel’ which
the slle&rstre33 is cor:sidered to bs uniformly distributed,
which mey bo terrncd the d~slmibuti.on length, depends or.
all the p~rmneto~s i~lv~lvsd.

.’
~ener9~ k~~%ladgo Cf stres;~-distribution probler.s

md ewerimce with th~~se:>roblms indic&te that tke most
irnportmt siriplsitem deter.mblrq the ciislmibution
length is tk,~ width Of the CUt-OUt. The t39ts intiicate
that the distribution len@h on ench side of the cut-out
1s equal to at le~st 11 times the width of the cut-out.
In order to cbtain a ccnssrvatlve design rule, it is
therefore sug~ested thnt the distribution length be
assumed equai to 10 times the width of the cut-out unless
the actual length is lor~, in which case the dlst=ibutlon
length should be taken os equal to tkL8 aCtURi length.
Full allowance should be made fcm tho presence of the
rivet holes along the strln.qers. The allowable shear
stress should bs taken os onb-half’ of tb.eultimate tensile
stress of the material at ~5° to the grein ana should be
reduced to account for the stress-concentration effect
of the rivet holes (shout 10 percent for 24.,S-Taluminum
alloy). T.Jhtilmm.% test evidence Is availabie, reinforcing
doubler plates should not be assumed to have mora then
50 percent efficiency if these pletes extend only tG the
strin~ers bo-mdln~ the cut-out or 70 ~ercent if’they extend
to th~ adjacent s~rlngars. (See tabl> 2.)

.

.—. ...... .. ,.—. i.
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The sug~ested design procedure should be somewhat
conservative grovlded the proportions do not differ too
greatly from those of the test panels and provided the
detail design is such that failure is caused by tearing
of the sheet. A complete design procedure would include
considerations of the compressive oiltensile strength of’
the stringers near the cut-out, of the ~ossibility 01
the rivets pulling through the sheet, of lateral bending
in the stringers along the edge of the cue-out c&usad by
diagonal tension in the adjoining bays, emd of local
weaknesses caused by discontlnuitias, for example, when
the transverse ribs sre intercostal.

Results of shesr tasts of skin-stiffener pcmels with
inspection cut-outs are believed to justify the following
conclusions :

1. When a skin-stiffener panel with en lnspect~on
cut-out an~rosches its ultlm9to strength urder shear
lcadirqz, the she~r stress ~n the ~nterruqted sheet bay
approaches uniform distribution over a considerable
distanca.

2. ‘l%eefficiency of doubler pl~tes Is low.
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TABLS l.- T=T P~S19
1

[
Width of out-out,3.188tichm for●ll pmals. 1Pm othor dlmnsiom of baalo pmoln, soo fl&uro 1. cOMIR-m-~

Strimgor

Pmal TYw Thlokneas Katerl al Cro9m- Lmgth of Hot orms-

[~) (f%’,.) &j

nmotlalml out-out ●otimd Raarks

( Syba. ) (b.) (my%. )

T
1 O.ozoa
1 .024

.024
;
2
2 :3

x
m] I 1

I
o.020a

1 .0209

Smio pmelJ

\“

Pmala wltb stlffanlng in oritioml baya

.093g I 1$ I .W Itilll~Ainmr ...

Pm91s with roinfomomntn i n crl tloal baya ,

17(d) 1 0.024 *-T 0.0857 18 1.622 Small doubler pl~t.m.both #idM :

18(d) 2 . 021.z 248-T
or ●et

.Ossa 15 1.268 8mmlldoublar plata m cum ●ide

19(0) 2 .0213 2&-T .oa30
Or 0h9at

15 1.283 Larg8 doubkr plats m MO side
Or -heat

,.

1

%ttom in pmrontiaas refer to oormspo~dlng stlffmers md mlnfom~ta shown in figure 2.
‘~
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TABLE 2.-.TEST RESULTS

.......... .

Panel %lt TUlt Gain over Eff’i-ciencjof’
basic doubler plete

(a) (kips) (ksi) (percent) , (percent)

Basic panels

36.5
36.5
32.
31.3
31.2
31.8
~~:6

0
480.

2
6.7
3 ● 5_,

Panels with stiffenin~ in critical bays
— —.—.

I_
——————.—..-_—-.—-—-——.-..-—

12(P) 59.8 ;7.6 I ;~
1 (b)
?

37”3 /
2

.11
1 (a) =1 6 9

/4 ‘ a I
15(b) 32.5 $:: I 1 I

16(C) 32.0 I .497 I 3—-— 1- —...—=-.—— —-— — —— —---- —

Psnels with reinforcements in critical b~ys

alzmlr-- T----l
aLetters In nsrenthesas refer to corresnondi~g

stiffeners and reinl’orcemsnts cb.cwnin figure 2.
%Wemeturre failure (collapse of stiffener sng~e at

upper end of ncnel).

IJATICNAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure l.- Dimensions of basic test panels.
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+54!!+ AiL..f!a.

.

Critical boys stiffened

Fig. 2

(c)

(d) (e)

Critical baysreinforced

Figure 2: Diagrams showing stiffening and
reinforcement of critical bay.
(Note that cross sections are doublesize.)
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[a) Front view. (b) Rear view.

Figure 4.- Test panels of type 2 after failure.
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